INTRODUCTION
Water availability is one of the important factors considered in Agriculture. Water is provided to crop through natural precipitation and subsurface moisture. In many areas of the world where rainfall is insufficient to meet the crop water demand, irrigation system is often used to offset the water deficit. Water is lost from crops through evaporation and transpiration. Evaporation is the process of liquid water conversion to water vapour and removal from the evaporating surface. Transpiration includes the vaporization of liquid water contained in *Corresponding author. E-mail: emmanuel.echiegu@unn.edu.ng.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License plant tissues and the water removal to the atmosphere. Evapotranspiration (ET), which is the combination of evaporation and transpiration, is also known as the consumptive use or actual evapotranspiration (Allen et al., 1998) .
The rate of ET is determined using different approaches. As indicated by Ilesanmi et al. (2012) , these approaches may be broadly classified into direct and indirect measurement. The direct measurement include the use of lysimeters (Ayoade, 1988 (Ayoade, , 1988a Meissner et al., 2010) and atmometers (Diop et al., 2015) , energy balance/budget approach (Adeboye et al., 2009; Farahani, et al., 2007) , the soil water budget method (Phene et al., 1990; Evett and Parkin, 2005; Farahani et al., 2007) , the use of pan evaporimeters (Ayoade, 1988 (Ayoade, , 1988a Howell et al., 1991; Young et al., 1996; Yang et al., 2000; Gavilan et al., 2007) , satellite remote sensing (Bastiaanssen et al., 2005; Tang et al., 2009 ) and the Eddy-Covariance method (Shuttleworth, 1993 (Shuttleworth, , 2007 . Direct measurement of evapotranspration is usually not feasible in many situations because it is expensive and relatively time consuming (Igbadum et al., 2006) . The indirect measurement involves the use of empirical models developed to estimate ET using meteorological data. These models range from simple expressions which relate ET to temperature and/or radiation to models having extensive data requirement. The models may be classified into three: Temperature-based models (Thornthwaite, Blaney-Cridle, Blaney-Morin and McCloud models); radiation-based models (Turc, Hargreaves, Hargreaves-Samani, Priestly-Taylor and the Makkink Formula) and a combination approach based on original Penman model which consists of radiation and aerodynamic part (Jacobs and Satti, 2001; Alexandris et al., 2008 , Ilesanmi et al., 2012 . Penman's model has been modified over the years because it produces good results when applied over different climatic regions (Allen et al., 1998) . One of its modification is the FAO56 Penman-Monteith model (FAO56-PM) which has been adjudged to be the best estimator of Reference Evapotranspiration (ET o ) and has been recommended as the model to be used for the estimation of ET o from meteorological data (Allen et al., 1998; Alexandris et al., 2008) if all meteorological data is available.
In Nigeria, as in most developing countries, the meteorological data needed for the calculation of ET o using models such as the FAO56-PM are most of the time not readily available (Adeboye et al., 2009 ). For Nigeria, therefore, a temperature based model -the Blaney-Morin-Nigeria (BMN) -developed by Duru (1984) has been adjudged to be the best for the Nigerian condition by the Nigerian Institute of Agricultural Engineers (NIAE). In the development of this model, there are some perceived shortcomings which are believed to affect its reliability for ET estimation in Nigeria. These shortcomings have been exhaustively discussed by Idike and Aneke (2002) , Idike (2005) and Ilesanmi et al. (2012) among other researchers. This study was therefore carried out to generate a modified version of the BMN model that is specific for Enugu, Nigeria.
MATERIALS AND METHODS

Study area
Enugu, which is the capital city of Enugu State, in Nigeria, was used for the study (Figure 1 ). It is lies within Latitude: 6°26′33″ N, Longitude: 7°30′07″ E with an elevation of 227 m above sea level. Located in the tropical rain forest zone of Nigeria, Enugu's vegetation is derived savannah. The area has a humid climate with a mean daily temperature of 26.7°C, a mean relative humidity of 72% and an average annual rainfall of 2000 mm. The humidity is highest between March and November when it attains a mean value of over 80%. As in the rest of West Africa, there are two major seasons: the rainy season and dry season. The rainy season lasts from April to November while the dry season lasts from January to April. In between, is the Harmattan season which is characterized by very low relative humidity and a very dry and dusty wind. Like the rest of Nigeria, Enugu is hot all year round (Wikipedia, 2016) .
Data source
Monthly weather data for Enugu covering a period of 25 years (1989 -2014) was collected from the Nigeria Meteorological Agency (NIMET), Abuja. The data includes solar radiation, maximum and minimum temperature, relative humidity and wind speed.
Model optimization
The Blaney-Morin-Nigeria (BMN) model developed for the estimation of reference evapotranspiration in Nigeria by Duru (1984) formed the basis for the optimization exercise. The model is given by:
Where, is the ratio of monthly radiation to annual radiation, the mean monthly temperature (℃), the mean monthly relative humidity, H and m are model constants given by Duru (1984) as 520 and 1.31 respectively. These model constants were used to initialize the BMN model as well as the weather data from NIMET. Thereafter, the non linear regression model based on LevenbergMarquardt Algorithm [Excel Solver] (Levenberg, 1944; Marquardt, 1963) was used to minimize the error space and generate new model constants specific for Enugu. Reference evapotranspiration for Enugu ] was then estimated using the newly optimized BMN model. The determined ET was then compared with that estimated using the FAO56-PM model [ ] based on grass.
Model accuracy
Four criterion were used to test the accuracy of the new model constants for estimating ET. They are:
1. The mean absolute error (MAE): This gives the mean difference between the observed and predicted values.
Where; are thepredicted values, theobserved values and the number of observations. It is more accurate for small or limited data. 2. Chi square: This is a validation model similar to MAE but for larger data.
where; is Chi square, thenumber of observations, thenumber of constants, the i th experimental data and the i th predicted data 3. The Root Mean Square Error (RMSE): Similar in operation with the Mean Absolute Error (MAE) but preferred for use with large data.
Where; RSME is the root mean square error, N the number of observation, the i th experimental data and the i th predicted data 4. The Coefficient of Correlation (r): Investigates the level of similarities between two sets of values.
Where; is the Correlation coefficient, ∑ the sum of predicted values, ∑ the sum of observed values and N the number of observations. In Equations 2 to 5, observed or experimental data refer to ETo values calculated using the FAO56-PM model while predicted refers to values determined using the optimized BMN model. According to Duru (1984) , the closer to zero the values of MAE, RMSE, and 2 , the better performed the respective model, whereas the closer to unity (1.0) the value of r, the better the model. Also, according to Duru (1984) , "from a design and safety standpoint, a model that over predicts should be preferred to one that under predicts and the better model is one that over predicts to a lesser degree" (Ilesanmi 
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RESULTS AND DISCUSSION
Weather data
The monthly mean ratio of monthly to annual solar radiation ( , the temperature and relative humidity over the study period are shown in . The ratio, , ranged from 0.08 to 0.09 with a mean of 0.08. The mean monthly temperature ranged from 24.9 to 29.15°C while the relative humidity ranged from 58.19 to 82.76%.
Estimated model constants
A comparison of the old (Duru, 1984) and the newly developed model constants are shown in Table 2 . From the table, it is seen that while the model constants estimated by Duru for H and m were 520 and 1.33 respectively, the newly estimated values for the constants using the Levenberg-Marquardt Algorithm were 392.2 and 1.19, respectively. These values are lower than those of Duru (1984) . The lower values agree with the result obtained by Ilesanmi et al. (2012) October and November. The reverse is the case in December and January and between the months of July and September. Also high values of ET o were obtained during the hottest part of the year (which also corresponds to period of high insolation), that is, between February and April, while low values were recorded during the cold rainy season which occurs around May to September. This is to be expected since temperature and solar radiation are important factors in evapotranspiration (Allen et al., 1998) .
The plots of the predicted and actual ET for some typical years (2006 and 2014) are shown in Figure 3 . The same pattern, as observed for the mean values over , the better the model, whereas the closer to unity (1.0) the value of r, the better. The estimated MAE and RMSE are lower than that of Duru showing that the modified model gives a better estimate of ET for Enugu, Nigeria. Although Duru (1984) did not compute the value for his model, the value for the developed model was 0.135 which is relatively low indicating a good prediction. Also the correlation coefficient of 0.82 shows a better prediction when compared with Duru's model with an r value of 0.76.
The fact that optimized BMN gave a better estimation of ET o is to be expected. Among the perceived shortcomings in the development of Duru's model was the fact that the relevant meteorological data used in developing the model was obtained from only one location (Zaria, Northern Nigeria); yet the model was developed for use throughout Nigeria and possibly the West African subregion (Idike, 2005) . Manual iteration was also used during its development and this is prone to errors (Ilesanmi et al., 2012) and hence likely to lead to lesser reliability.
Compared to the correlation coefficient (r) values computed by Duru (1984) for other Nigerian locations, the correlation coefficient of 0.82 obtained for Enugu using the optimized BMN model was the highest. For example the highest correlation coefficient recorded by Duru was 0.80 for Lagos while the lowest was 0.62 for Gombe in Northern Nigeria. Also the MAE of 0.133 and RMSE of 0.3641 obtained with the optimized BMN model were lower that similar values determined for other Nigerian location by Duru. The lowest MAE and RMSE recorded by Duru in his model were 0.40 and 0.40, respectively (Duru, 1984) . The values were obtained for Akure and Lagos, respectively.
Conclusion
This study outlined the effect of the corrections done to the old BMN model for the estimation of evapotranspiration. From the results obtained during the data analysis, the newly developed location specific BMN model proved to be a more accurate estimator of ET o when applied to Enugu location. This is because this work utilized a standard statistical procedure in its calibration rather than the manual iteration method previously employed by Duru (1984) in the development of the original model. The overall result indicates that the Blaney-Morin-Nigeria model is location specific and that the newly generated models fared better and has improved performances than the BMN for the location considered for this study. For further study, other models such as Priestly-Taylor Model, Hargreaves-Samani Model could also be used to further re-examine the BMN model for this and other study areas. Also actual field data could be used to test the accuracy of the new model instead of the data generated using FAO56-PM model.
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